Microtubules, one of the major cytoskeletal structures, were previously considered stable and only indirectly involved in synaptic structure and function in mature neurons. However, recent evidence demonstrates that microtubules are dynamic and have an important role in synaptic structure, synaptic plasticity, and memory. In particular, learning induces changes in microtubule turnover and stability, and pharmacological manipulation of microtubule dynamics alters synaptic plasticity and long-term memory. These learning-induced changes in microtubules are controlled by the phosphoprotein stathmin, whose only known cellular activity is to negatively regulate microtubule formation. During the first eight hours following learning, changes in the phosphorylation of stathmin go through two phases causing biphasic shifts in microtubules stability/instability. These shifts, in turn, regulate memory formation by controlling in the second phase synaptic transport of the GluA2 subunit of AMPA receptors. Improper regulation of stathmin and microtubule dynamics has been observed in aged animals and in patients with Alzheimer's disease and depression. Thus, recent work on stathmin and microtubules has identified new molecular players in the early stages of memory encoding.
Introduction
An organism's success and survival are critically dependent on its ability to process and transmit information related to a certain stimulus or threat in the environment. Therefore, it is crucial to unravel activity-dependent intracellular processes, as they provide the means for neural circuits to control adaptive behaviors. Increasing evidence demonstrates that extracellular stimuli initiate a chain of intracellular events with temporal patterns and signaling dynamics, which reflect the identity and intensity of information received from the environment (Behar & Hoffmann, 2010; Purvis & Lahav, 2013) . For neurons, propagating intracellular signals with temporal patterns and signaling dynamics is especially challenging. Signals often travel long distances along neuronal projections, which are required for communication between the synapse and neuronal cell body and nucleus. This results in the strengthening of connections between synapses and thus, memory formation (Mayford, Siegelbaum, & Kandel, 2012) .
Among many mechanisms mediating synaptic transport (Ch'ng and Martin, 2011), cytoskeletal structures -actin filaments and microtubules -play a major role in motor-driven import and export (Bredt & Nicoll, 2003; Hirokawa, Niwa, & Tanaka, 2010; Wenthold, Prybylowski, Standley, Sans, & Petralia, 2003) . Known to be dynamic and present in dendritic spines, actin filaments are essential in synaptic function and memory formation (Hotulainen & Hoogenraad, 2010; Tada & Sheng, 2006) . In contrast, the role of microtubules, and, in particular, microtubule dynamics, in synaptic function and memory is less clear. Microtubule dynamics is a process involving a constant shift between microtubule stability and instability. There is a clearly established role for dynamic microtubules in cell division, axonal pathfinding during development, and axonal regeneration (Conde & Caceres, 2009) . In contrast, microtubules in mature neurons are generally viewed as stable cytoskeletal structures present in dendritic shafts, but not in dendritic spines. Recently, work in hippocampal and cortical primary neuronal cell cultures has shown that microtubules, like actin filaments, can also be dynamically regulated during neuronal activity, move from the dendritic shaft to dendritic spines and be directly involved in synaptic structure and function (Gu, Firestein, & Zheng, 2008; Jaworski et al., 2009; Kapitein et al., 2011; Merriam et al., 2011; Mitsuyama et al., 2008; Penzes, Srivastava, & Woolfrey, 2009) . Thus, it is likely that microtubule dynamics in the dendritic spines and surrounding areas play important roles in synaptic plasticity and memory formation.
